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Abstract 
Mechanical faults, usages, slackness’s, cause different noises and vibrations with different amplitude and frequency against the 
normal sound and movement of the equipment.  
The vibration transducers, accelerometers and microphone are used for noise and/or sound and vibration detection with fault 
detection purpose. Vibration transducers and accelerometers have three functioning domain, if the input frequency is les then the 
resonant frequency of the sensor it is working as an accelerometer, if the input frequency is higher then the resonant frequency of 
the sensor it is working as vibrometer. Detecting and analyzing the signal of the transducer, amplitude and spectral analyzing, we 
can detect usages, slackness and forces which act and produce the fault. Analyzing the output signal of the sensor and compare 
with a base signal or with nominal values mechanical faults can be detect in functioning time without stopping and to take to 
pieces the equipment. It is an undestroyed method to find out the functioning problems.   
In this paper are presented simple transfer functions for two cases, if the mechanical system is vibrating and if through the base is 
transmitted a vibration to the system. The system behavior is analyzed in Matlab surround the natural frequency of the system. 
The amplitude and phase modification can be used for signal analysis and fault detection.  
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1. Introduction 
Vibrations are dynamical phenomenon and are present in our daily lives. Vibrations are mechanical oscillations 
around of a fixed point and define the movement of a mechanical system. Vibrations can be characterized in many 
ways, there are vibrations with low or high frequencies, and there are unintended vibrations (perturbations) or 
generated vibrations with known parameters. 
Vibrations are in many cases destructive, they can be also the disturbance side of a useful work, and can be 
generated on purpose to do something useful.  
To analyze the vibrations and the effects produced by these it will be measured the vibration in more points of the 
system: at the output of the system to compare the measured values with the maximum admissible values, this is the 
case of noise and perturbation detection. The characteristics of the vibration can be measured at the input of the 
system to set these at the established values. To test the system how reacts to the different external forces and noises, 
vibrations must be measured both at the input and the output of the system.  
A mechanical system with many components vibrates oscillates during his operating time and this can be in most 
time unintended and leads to breakdowns. For example vibrating motors or belts caused by inadequate fixing. But 
not all kinds of vibrations are destructive. For example, vibratory feeders, conveyors, surface finishers, ultrasonic 
cleaners or compactors are often used in different places. [3,4] 
Undesirable vibration monitoring can save money, time; can prevent damages and quality losses.  
1.1. Causes of mechanical vibrations 
Applying an external sinusoidal force to a mechanical system this will move with the same frequency as the 
force. A real mechanical system is composed on many pieces which are bound in different ways and react in 
different manner to the force and this differences cause repeating force apparition. Repeating forces are due to the 
rotation of imbalanced or misaligned components. Imbalance is caused by corroded, deformed, broken parts, gaps, 
non-uniform material density, and component sizes variation. Misalignments are caused by inaccurate mounting, 
distortions, bad assembly. Worn pieces cause also force apparition and undesirable vibrations. 
If the frequency of the force is near to the natural oscillation rate of the system this will vibrate more and more 
strongly and brings the system in resonance. Repeating force would not be a problem until it begins to cause 
resonance. Resonance should always be avoided because determines in very short time severe damages. 
Vibration monitoring helps to find any problems that might be developing helps to detect unwanted vibration and 
so problems can be prevent in time. In general critical systems or equipments should be monitored in order to avoid 
unexpected. For example systems that require expensive, lengthy or difficult repairs if broken down, equipments 
that frequently suffer damages, systems that affect human or environmental safety. [5] 
1.2. Vibration analysis  
Vibrations are mechanical oscillations and so they can be characterized with amplitude and frequency. Amplitude 
shows how strongly the vibration is, and frequency shows the oscillation rate of vibration. These two provide 
information to identify the root of vibration. 
The amplitude is related to the speed of the movement and to the force which cause the vibration. The peak of the 
amplitude shows the highest speed and the rms value of the amplitude shows the vibration energy. The frequency is 
related to the condition of the system.  
Vibration analysis consists of a spectral analysis. The spectrum is a very useful analytical tool because shows the 
frequencies at which vibration occurs. The information from a spectrum depends on the maximum frequency Fmax 
and resolution. How high Fmax needs to be is dependent on the operating speed of the system. The resolution of a 
spectrum establishes the detail in the spectrum. Depending on the user, the measured signal can be displayed as 
either a velocity waveform or a velocity spectrum. Generally a velocity spectrum is used to find out the component 
of the vibration signal. [3,10] 
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2. Vibration measurements 
For vibration measurements the preferred sensor is the accelerometer. This generates an output signal that is 
proportional to the acceleration of the vibrating system. Accelerometers have good sensitivity, wide frequency 
range; they are small and light in weight and are capable to measuring the vibration at a specific point. It can be used 
electronic networks to obtain a voltage proportional to velocity or displacement. [9] 
To detect true vibration behavior of a system the accelerometer needs to undergo exactly the same vibratory 
movement as the vibrating system. An accelerometer must therefore be attached firmly to the vibrating pieces. There 
are various mounting methods, they can be stud-mounted or held magnetically to the vibrating surface. Using the 
magnetic mounting method the weight of the accelerometer and magnet should be less than 10% of the weight of the 
vibrating component.  
Because the amplitude of vibration varies in different directions the accelerometer must be oriented differently. 
To detect parallel misalignment the accelerometer is mounted in the radial direction of the bearings, but to detect 
angular misalignment the accelerometer needs to be mounted in the axial direction. [1,3] 
By vibration measurement several spectra are measured and then an average spectrum is produced. The average 
spectrum better represents vibration behavior. The measurement system used for diagnostic analyses of vibrations 
consists of the following components shown in figure 1. 
 
 
 
 
 
 
 
Fig.1. Vibration measurement system. 
The instrumentation amplifier measures the amplitude of different frequencies components.  
The frequency domain of an accelerometer depends on the resonance frequency f0 of the sensor, on his weight 
and on the stiffness of the pieces. The useful measured domain is f=0.3f0. If the weight of the accelerometer is 
higher the sensitivity and the output signal is larger, but the useful measured domain is lower and inverse. [2] 
3. Vibration system modeling  
A mechanical system can be modeled with a mass, main spring and damper. If an external force acts on a 
mechanical system, this will have a movement with the same frequency as the force. If an external force acts on a 
mechanical system composed on two masses, main springs and dampers the system response will be a combination 
of the two simple system response. On the amplitude-frequency plot appears two peaks proper for the two 
components. Mechanical systems with single degree of freedom can move in a single direction. If they can move in 
two directions they have two degree of freedom. A real mechanical system is composed on many pieces which 
interacts, has more degree of freedom and on the frequency spectrum appears a peak for all components. Modeling 
such a system is very hard and difficult. For this reason the studied model will be a simple spring-mass system as a 
model of a real mechanical system, whose natural frequency and damping coefficient coincide with the real one.  
On this simple spring-mass system two cases will be studied, when a sinusoidal external force acts on the system 
and when the base on which the system is fixed is vibrating. The figure 2 shows these two cases [2,6,8]. 
The vibrating motion of the spring-mass system when a sinusoidal external force F(t) acts (fig.2a), can be 
written: 
݉ௗమ௫ௗ௧మ ൌ ܨሺݐሻ െ ݇ݔ െ ܿ
ௗ௫
ௗ௧   (1) 
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Fig.2. Spring-mass system vibration: a) external forces; b) base vibration. 
Rearrange, substitute for F(t)=F0sinZt and using the notations: ߱଴ ൌ ට௞௠is the natural frequency of the system;  
ߦ ൌ ௖ଶξ௞௠is the damping coefficient of the system;  ܭ ൌ
ଵ
௞    the equation becomes:  
ଵ
ఠబమ
ௗమ௫
ௗ௧మ ൅
ଶక
ఠబ
ௗ௫
ௗ௧ ൅ ݔ ൌ ܭܨ଴ݏ݅݊߱ݐ  (2) 
The solution of this equation has two components, a transient xt(t) and a steady state xp(t) component. By forced 
vibration analyzing the transient component is neglected and the steady state behaviour is calculated. Another reason 
to calculate the steady state behaviour is the steady state is not depending on the initial conditions of the system. The 
steady state is reached very fast. So the steady state solution will have also a sinusoidal form.ݔ௣ሺݐሻ ൌ ܺ଴ݏ݅݊ሺ߱ݐ ൅
߮ሻ. 
The amplitude and the phase are depending from the natural frequency of the system, which is a function of mass 
and main spring. If the mass and/or the main spring modify a variation of the amplitude occurs. Normally this is 
happening at anyone frequencies if the proper pieces modifies on the mechanical system.   
In case of base excitation (fig.2b) the movement of the system has the following equation:  
݉ௗమ௫ௗ௧మ ൌ െ݇ሺݔ െ ݕሻ െ ܿ ቀ
ௗ௫
ௗ௧ െ
ௗ௬
ௗ௧ቁ  (3) 
The force in main spring will be different because the length of the spring modifies from L0 to L0+x-y.  
Make the same notation for Z0 , [ and K=1 the equation becomes: 
ଵ
ఠబమ
ௗమ௫
ௗ௧మ ൅
ଶక
ఠబ
ௗ௫
ௗ௧ ൅ ݔ ൌ ܭ ቀݕ ൅
ଶక
ఠబ
ௗ௬
ௗ௧ቁ  (4) 
Now the are initial conditions x=x0 ; 
݀ݔ
݀ݐ ൌ ݒͲ and assume the base motion y(t) sinusoidal the steady state solution 
will have also a sinusoidal form, but with other amplitude and phase [3,6,7]. 
4. Frequency domain analysis  
The vibration analysis is made in frequencies domain. To fallow the behaviour of the spring-mass system under 
these two excitation form the transfer function will be used. When a sinusoidal external force F(t) acts the transfer 
function proper to the relationship (2) is:  
ܪሺݏሻ ൌ ௑ሺ௦ሻிሺ௦ሻ ൌ
௄
భ
ഘబమ
௦మାమ഍ഘబ௦ାଵ
  (5) 
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For an excitation of sinusoidal form the equation becomes: 
ܪሺ݆߱ሻ ൌ ௄ிబషഘమ
ഘబమ
ାଶక௝ ഘഘబାଵ
ൌ ௄ிబଵିఒమାଶ௝కఠ  (6) 
We are interested in amplitude and phase variation in accordance with frequency:  
ܪሺߣሻ ൌ ௄ிబඥସకమఒమାሺଵିఒమሻమ  (7) 
ߠሺߣሻ ൌ ܽݎܿݐ݃ ିଶకఒଵିఒమ  (8) 
Where ߣ ൌ ߱Ȁɘ଴. These relationships can be used to detect the amplitude variation if the mass or spring of the 
system is changing during the function (oscillation). The frequency response of the deduced transfer function was 
studied in Matlab for different mass and spring constant values. In both cases an amplitude variation occurs in the 
vibration signal. Figure 3a present the amplitude-angular frequency characteristic and the phase-angular frequency 
characteristic if the mass of the system is changing against the initial mass [2]. 
 
Fig.3. Amplitude-frequency and phase-frequency characteristics for mass a) and spring b) variation. 
Figure 3b present the amplitude-angular frequency characteristic and the phase-angular frequency characteristic 
if the main spring of the system is changing against the initial value of the spring.  
For the base vibration case the transfer function proper to the relationship (4) is: 
ܪଵሺݏሻ ൌ ௑ሺ௦ሻ௒ሺ௦ሻ ൌ
௄ቀଵାమ഍ഘబ௦ቁ
భ
ഘబమ
௦మାమ഍ഘబ௦ାଵ
  (9) 
Assuming the base motion also sinusoidal y(t)=Y0sinZt we obtain:  
ܪଵሺ݆߱ሻ ൌ
௄௒బቀଵାଶ௝క ഘഘబቁ
షഘమ
ഘబమ
ାଶక௝ ഘഘబାଵ
ൌ ௄௒బሺଵାଶ௝కఒሻଵିఒమାଶ௝కఠ   (10) 
The amplitude and phase variation in accordance with frequency:  
ܪଵሺߣሻ ൌ ௄௒బඥଵାሺଶకఒሻ
మ
ඥସకమఒమାሺଵିఒమሻమ  (11) 
a) b) 
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ߠଵሺߣሻ ൌ ܽݎܿݐ݃ ቂ ିଶకఒ
య
ଵିఒమሺଵିସకమሻቃ  (12) 
Likewise the frequency response was studied in Matlab for this transfer function in the same cases. Here appears 
to an amplitude variation in the vibration signal.  The amplitude-frequency characteristic and the phase-frequency 
characteristic for the base vibration case are presented on figure 4a if the mass of the system is changing against the 
initial mass and on the figure 4b if the spring is changing. 
 
Fig.4. Amplitude-frequency and phase-frequency characteristics for base vibration. 
The simulations are made for the same changes in mass and spring coefficient variations. It can be observed that 
all cases the amplitude and phase monitoring of the vibration leads to a modification in the system structure which 
can be a fault or wrong functioning. The amplitude monitoring must be made for each component of the vibration 
signal. 
5. Conclusions 
Mechanical system vibration or vibrations transferred through environment cause several damages. Vibration 
monitoring in critical places can prevent hard faults. It was deduced simple transfer function for two cases if the 
system is vibrating and if through the base is transmitted a vibration. Analyzing the system behavior surround the 
natural frequency of the system it can be observed that for all kind of variation in the system (fault appearance) 
amplitude and phase variation occurs in the vibration signal. This can be used for fault detection.  
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